We describe the CD4 lymphocyte count at HIV presentation in an HIV cohort from a rural district of India. The majority of patients were diagnosed for their HIV-related symptoms, although a sizeable proportion of women were diagnosed because of antenatal screening or for having an HIV-positive partner. Patients diagnosed of HIV for antenatal screening or having an HIV-positive sexual partner had higher CD4 lymphocyte count than patients having tuberculosis or HIV-related symptoms. The proportion of patients diagnosed with CD4 count <200 and <350 cells/mm 3 were 46% and 68.7%, respectively, and these figures did not change during the five years of the study. Factors associated with late presentations were male sex, older age, not having a permanent house, and, in women, lower education and being a widow or separated. With the implementation of 2010 WHO guidelines, the number of newly diagnosed patients who will require HIV treatment will increase 13.8%. If the CD4 count threshold for initiating HIV treatment is increased from 350 to 500 cells/mm 3 , the number of patients in need of treatment would increase 15.7%. Therefore, new strategies for avoiding HIV late presentation are urgently needed in developing countries.
Introduction
International HIV guidelines for the use of antiretroviral therapy (ART) in adults are shifting towards earlier initiation of HIV treatment [1] [2] [3] . Late initiation of ART is associated with higher risk of death and opportunistic infections as well as poorer response to treatment [4, 5] . However, patients who are diagnosed when their CD4 lymphocyte count is low are not able to get the benefits of an early ART initiation. From the public health point of view, these patients have a longer period of undiagnosed HIV infection. Late presentation of HIV delays patients from receiving education for avoiding the infection to others and precludes them from receiving ART, which can reduce their HIV viral load and, therefore, lowering the risk of HIV transmission to others.
In Europe and North America, approximately 30 to 35% of patients have CD4 lymphocyte count below 200 cells/mm 3 at HIV diagnosis [6, 7] . Despite having more than 90% of the world burden of people living with HIV [8] , information about the immunological situation at HIV diagnosis of patients from developing countries is scarce [9] .
The aim of this study is to describe the CD4 lymphocyte count at HIV presentation in patients from a rural district of India and to investigate factors associated with late presentation [10] . We have also performed a simulation of how many people will require ART in this setting utilizing three different CD4 lymphocyte count thresholds for starting ART according to current guidelines [1] [2] [3] 11] .
Patients and Methods
With 2.4 millions of HIV-infected people, India carries the largest population of people living with HIV in Asia and is the third country of the world in terms of HIV-infected people [12] . Andhra Pradesh is the state with highest burden of HIV in India, and HIV is transmitted mainly through heterosexual contacts [13] . Anantapur is a district with 74.7% of rural population situated in the south border of Andhra Pradesh [14] . Rural Development Trust (RDT) is a nongovernmental organization who has three hospitals in the district. In these hospitals, medical care of HIVinfected people is given free of cost, including medicines and consultation or admission charges. In Bathalapalli Hospital, the biggest hospital of RDT, outpatient clinics and 71 beds are allocated exclusively for HIV-infected patients where they can receive free specialized medical care for their opportunistic infections or other heath problems. All patients from the VFHCS living in the district of Anantapur, aged above 15 years, who were diagnosed of HIV between June 2006 and March 2011 and who had at least one determination of CD4 lymphocyte count before starting ART were included in the study. Measurement of CD4 lymphocyte count was performed using flow cytometry (Cyflow SL, Partec, Munster, Germany). HIV diagnosis was performed following the guidelines of the National AIDS Control Organization of India [15] , and counselling was given before performing the HIV test and after knowing the result of the test.
Patients whose first CD4 lymphocyte count was below 350 cells/mm 3 were defined as late presenters following current recommendations [10] . Logistic regression was used for the multivariable analysis of factors associated with late presentation of HIV infection using Stata Statistical Software (Stata Corporation, Release 11, College Station, TX, USA) [16] . Missing values were imputed using multiple imputations by chained equation [17] . Confidence intervals (CIs) for the difference in the proportion of patients who will require HIV treatment using three different CD4 count thresholds were calculated using the Agresti-Caffo procedure. This method is considered to have better performance than the traditional Wald method for calculating the CIs for the difference between two independent proportions [18] . Because CD4 lymphocyte determinations are performed approximately every six months, life graphs for the proportion of patients who would require initiation of antiretroviral treatment according to three different CD4 lymphocyte count thresholds were calculated at 6-month intervals.
Results
Out of 7905 HIV-positive patients diagnosed of HIV during the period of the study, 6215 (78.6%) had at least one CD4 lymphocyte count determination before starting ART and were included in the study. Reasons for HIV testing are presented in Table 1 . Most of the patients were diagnosed for having HIV-related symptoms. Differences in the reasons for HIV diagnosis between men and women are shown in Figure 1 . In women, the proportion of patients diagnosed for having an HIV-positive partner was higher than in men (P < 0.001). Median and interquartile range (IQR) of CD4 lymphocyte count at HIV presentation was 218 (IQR, 108-402). Median CD4 lymphocyte count at presentation was 287 (IQR, 138-466) for women and 180 (IQR, 91-331) for men (P < 0.001). Relation between CD4 lymphocyte count and reason for HIV testing are presented in Figure 2 . We did not observe gender differences in CD4 lymphocyte counts when stratifying by reason for HIV testing.
Median and IQR of CD4 lymphocyte count at presentation in each calendar year during the period of the study are shown in Figure 3 . The figure shows that the CD4 lymphocyte count at HIV presentation has remained stable during the five years of the study.
Multivariable analysis of factors associated with late presentation is described in Table 2 . Factors associated with late HIV presentation were older age and not having a permanent house. No difference was seen among communities, monthly income, living near a city, route of transmission, or consuming alcohol. In women, late presentation was more common among those with lower education or who were widow or separated. Among men, weavers were less likely to have late presentation.
Proportions of patients for four CD4 lymphocyte count thresholds at presentation are presented in Table 3 . Approximately, two-thirds of patients presented with a CD4 lymphocyte count below 350 cells/mm 3 and 46% with CD4 lymphocyte count below 200 cells/mm 3 . Figure 4 represents the cumulative incidence of newly diagnosed patients who will require ART according to three different thresholds for starting HIV treatment after 0, 6, 12, 18, 24, 30, and 36 months since the first determination of CD4 lymphocyte count. For constructing this graph, all CD4 lymphocyte count determinations before starting ART were taken into account. Current National AIDS Control Organization of [3] . According to our data, the implementation of 2010 WHO guidelines will increase the number of patients who will need antiretroviral treatment after the first determination of CD4 lymphocyte count in 13.8% (95% CI 12.1-15.5). If the threshold is increased from 350 to 500 CD4 cells as is contemplated in other guidelines [1, 2] , the number of patients who will require treatment would increase 15.7% (95% CI 14.2-17.1). These differences are progressively reduced over time.
Discussion
In this study we found that an important proportion of HIV-infected patients presented with low CD4 lymphocyte count. In another study also performed in India in an urban reference hospital of New Delhi, the proportion of patients who presented with CD4 cell count below 200 cells/mm 3 was lower than in our study [19] . This may reflect a later presentation of HIV in rural settings compared to urban settings in India. When comparing our results with other study performed in Nigeria, CD4 count at presentation was lower in African women, but differences were not important between Nigerian and Indian men [20] . Considering the three studies, the proportion of patients who present with CD4 lymphocyte count below 200 cells/mm 3 in developing countries can be probably between 40 and 50%. More studies addressing late presentations of HIV in the developing world are urgently needed. We must remember that effective ART is one of the most effective measures to reduce the transmission of HIV [21] . Increasing the threshold of CD4 lymphocyte count for starting ART is important, but it should be accompanied by the implementation of new strategies for achieving earlier diagnosis of HIV. As seen in Figure 3 , the CD4 lymphocyte count at presentation remained stable during the period of the study, indicating that if we do not change the way HIV is diagnosed, we will continue to face the problem of late presentation of HIV in India.
The results of this study show the relation between the CD4 lymphocyte count at presentation and the reason for HIV testing. This observation is essential for designing public health interventions orientated to achieve early detection of HIV infection. In the majority of patients, the HIV diagnosis was made because a health worker suspected that their symptoms could be explained by an HIV infection, leading to a late diagnosis of HIV. When the reason for testing was related to having risk factors for HIV in asymptomatic patients, like having sexually transmitted diseases or an HIVpositive partner, CD4 lymphocyte count at presentation was higher than patients with tuberculosis or HIV-related symptoms (P < 0.001). The best results in terms of early diagnosis were seen in the screening of pregnant women. However, strategies that involve massive HIV testing to the population are not feasible in a highly populated country with relatively low prevalence of HIV such as India. Interventions that involve facilitating HIV testing in all types of health facilities, including small and rural clinics, for patients who have risk factors for HIV infection can be a better cost-effective option. It is important to generalize the use of the HIV testing in India. Integrated Counselling and Testing Centres are able to provide good pre-and posttest counselling, but patients are reluctant to attend them due to the problem of HIV-associated stigma in India.
We found important differences in factors associated with late HIV presentation between women and men. In women, late presentation was associated with lower education level and being widow, separated, or divorced indicating the difficulties of reaching the health care system for women in the Indian rural setting. In an urban tertiary hospital care setting [19] , late presentation was seen to be associated with male sex and older age. With the implementation of 2010 WHO ART guidelines in India, more than two-thirds of newly diagnosed HIVinfected patients will require immediate initiation of ART. This can be challenging because side effects of ART are common and many of these patients will be asymptomatic prior to ART initiation. It is essential to provide intensive counselling about the possible side effects of the drug and the long-term benefits of the medication to avoid patients to be lost during followup. In terms of cost of antiretrovirals and not taking into account the economical benefits of an earlier initiation of ART [22, 23] , the number of patients who will require ART will increase by around 14%. However, if we observe Figure 4 , this difference decreases over the time reaching approximately 9% after three years. Also looking at Figure 4 , increasing the threshold for ART initiation from 250 to 350 cells/mm 3 and from 350 to 500 cells/mm 3 , we are actually bringing forward approximately 18 and 27 months, respectively, the initiation of ART in the population.
The study has some drawbacks. When estimating the antiretroviral need of the population, we have not taken into consideration clinical data from the patients. Some of the patients with CD4 lymphocyte count between 250 and 350 cells/mm 3 may have required initiation of ART because of their HIV-related symptoms. Also, information about the reason for HIV testing and route of transmission was performed through direct questioning to the patients. Patients may have been reluctant to answer when interrogated about sexually transmitted diseases or homosexual contacts leading to an underrepresentation of these factors in the study. In addition, data from patients who did not attend our clinics after September 2009 were collected retrospectively using the clinical notes of the patients, so some of these data were missed if no information was present in the clinical notes.
Conclusions
The results of this study can have important implication for designing public health intervention in developing countries. The proportion of HIV late presenters in this Indian rural setting, which has remained stable in the last five years, was higher than the proportion of late presenters reported in western countries. Most of the patients are diagnosed of HIV when they experience HIV-related symptoms, especially men. New strategies for reducing the late presentation of HIV should focus on screening of patients with risk factors for having HIV infection when they are still asymptomatic. With the implementation of 2010 WHO guidelines for ART, twothirds of HIV patients will require immediate initiation of ART after the first determination of CD4 lymphocyte count.
